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Extruded, open-cell ulcrocellular foa»s, and their preparation 
process. 

This invention relates to an extruded, open-cell microcellular alkenyl aromatic 

5 polymer foam and a process for making. 

To significantly improve the performance of insulating systems, vacuum panel 
technology is currently being evaluated by industry. The absence of air or gas in the panels 
affords the possibility of substantial enhancement of insulating performance. 

To further significantly improve the performance of insulating systems. 
1 ° microcellular foams (for example. 70 micrometers or less) are being evaluated by industry. The 
small cell size affords the possibility of substantial enhancement of insulating performance in 
many instances. 

Extruded, closed-cell alkenyl aromatic polymer foams of medium cell size (for 
example, 0.2 to 1 .0 millimeter (mm)) have been employed in insulating systems for decades. 
15 They offer good insulating performance and excellent mechanical strength. However, the 
closed-cell structure makes them unsuitable for use in vacuum systems. Closed-cell foams 
cannot be evacuated of entrapped gas easily or without collapsing them. 

A means to address the problem of inability to evacuate would be to employ an 
alkenyl aromatic polymer foam with very high open cell content. However, the only known 
microcellular. open-cell alkenyl aromatic polymer foams are those prepared by phase 
wparation or with supercritical fluids as seen in U.S. Patent Nos. 4.673.695; 4,473.665; 
5,1 58.986; and 5.334356. These foams are expensive to produce and have limited mechanical 
strength. 

It would be desirable to have a strong, economical, microcellular. open-cell 
25 alkenyl aromatic polymer foam to employ in vacuum insulation systems. It would further be 
desirable to have such foams in a cell size range of 70 micrometers or less. 

According to the present invention, there is an extruded, open-cell microcellular 
alkenyl aromatic polymer foam. The foam comprises an alkenyl aromatic polymer material 
comprising greater than 50 percent by weight of alkenyl aromatic monomeric units. The foam 
30 hasanopencellcontentof70percentormore. The foam has an average eel I size of 70 
micrometers or less. The foam is useful in insulating applications and particularly useful in 

vacuum insulation panels. 

Further according to the present invention, there is a process for making an 
extruded, open-cell microcellular alkenyl aromatic polymer foam having an open cell content 
35 of 70 percent or more and an average cell size of 70 micrometers or less. The process compnses: 

a) heating an alkenyl aromatic polymer material to form a melt polymer material; 

b) incorporating into the melt polymer material an amount of a nucleating agent additive; c) 
inc rporating into them It polymer material at an levated pressure to form a f amabl gela 
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blowing agent f which 70 mole perc nt or more is sel cted f r m the group consisting of 1 . 1- 
diflu roethane(HFC-152a), 1.1,1-trifluor ethane (HFC-143a). 1.1.1.2-tetrafluoro-ethane(HFC- 
134a).chlor diflu romethane (HCFC-22), carb n dioxide (COi). and difluoromethane (HFC-32). 
and mixtures of the foregoing based upon the total number of moles of blowing agent, the 
5 blowing agent being present at 0.06 to 0. 17 gram-moles or less per kilogram of polymer 
material; d) cooling the foamable gel to a foaming temperature sufficient to form a foam 
having 70 percent or more open cell content; and e) extruding the foamable gel through a die 
into a region of lower pressure to form the foam. 

Further according to the present invention, there is an evacuated insulation panel 
10 comprising the open-cell foam described above in a hermetically-sealed receptacle. The 
evacuated insulation panel provides excellent insulation performance. 

Extruded alkenyl aromatic polymer foams of high open cell content (70 percent or 
more) and microcellular cell size (70 micrometers or less) are heretofore unknown in the art. 
Such extruded foams have been deemed difficult to produce because of insufficient degree of 
nucleation, foam collapse, poor skin quality, and excessive density. 

The present process achieves sufficient nucleation and forms the present foam by 
employing each of the following: a nucleating agent additive; a blowing agent which has a 
relatively high intrinsic nucleation potential; an amount of a blowing agent small enough to 
allow formation of an open-cell structure; and a relatively high foaming temperature to allow 
formation of an open-cell structure. 

It is desirable to achieve the necessary level of nucleation with minimum 
processing difficulties in the extrusion system and maintain desirable end product foam 
properties. Processing difficulties are typically minimized when as much as possible of the 
requisite nucleation potential is obtained from the blowing agent and the least possible from 
the nucleating agent additive while maintaining desirable end product foam properties. 
Nucleating agent additives, in excessive amounts, can substantially alter processing properties 
such as gel viscosity and die pressure and end product foam properties such as skin quality, 
compressive strength, cross-section, and density. Incorporation of the nucleating agent 
additive is nonetheless an essential component of the extrusion process because the necessary 
30 nucleation potential cannot be attained with the blowing agent alone. 

The amount of a nucleating agent additive employed to prepare the present 
open-cell foam will vary according to the desired cell size, foaming temperature, composition 
of the blowing agent, and composition and activity of the nucleating agent additive itself. Cell 
size decreases and open cell content increases with increasing nucleating agent content. Useful 
35 nucleating agents additives include inorganic substances such as calcium carbonate, talc. clay, 
titanium oxide, silica, barium sulfate, calcium stearate. styrene/maleic anhydride copolymer, 
diat maceous earth, and mixtures of citric acid and sodium bicarbonate. The amount of 
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nucleatingagentempl yedmayrang fromO.OIt 5 parts by weight per hundred parts by 
weight of a polymer resin. The pref rred rang is fr m 0. 1 to 3 parts by weight. 

Th bl wingag nt must be capabl f imparting a high degr of nucleation in 
conjunction with the nucleating agent additive to ensure formation of a foam with the desired 
cell size and open cell content. Suitable blowing agents will have a relatively high intrinsic 
nucleation potential at temperatures and pressures in which alkenyl aromatic polymers, such as 
polystyrene, are typically extrusion-foamed. Suitable blowing agents affording a high degree 
of nucleation include 1,1-difluoroethane(HFC-152a). 1.1,1-trifluoroethane(HFC-143a); 1.1.1.2- 
tetrafluoroethane (HFC-134a), chlorodifluoromethane (HCFC-22). carbon dioxide (C0 2 ). and 
difluoromethane (HFC-32). Preferred blowing agentsare HFC-1S2a. HFC-134a, and carbon 
dioxide. The above blowing agents will comprise 50 mole percent or more and preferably 70 
percent or more of the total number of moles of blowing agent. 

Blowing agents useful as co-blowing agents with the above agents include 
inorganic agents and organic blowing agents. Suitable inorganic blowing agents include 
water, argon, nitrogen, and helium. Organic blowing agents include aliphatic hydrocarbons 
having 1-9 carbon atoms, aliphatic alcohols having 1-3 carbon atoms, and fully and partially 
halogenated aliphatic hydrocarbons having 1-4 carbon atoms. Aliphatic hydrocarbons include 
methane, ethane, propane, n-butane. isobutane. n-pentane. isopentane. neopentane. and the 
like. Aliphatic alcohols include methanol, ethanol. n-propanol. and isopropanol. Fully and 
partially halogenated aliphatic hydrocarbons include f luorocarbons. chlorocarbons. and 
chlorofluorocarbons. Examples of fluorocarbons include methyl fluoride, pert luoromethane. 
ethyl fluoride, pentafluoroethane. perfluoroethane. 2.2-difluoropropane. 1.1,1- 
trif luoropropane, perf luoropropane. dichloropropane, difluoropropane. perfluorobutane, 
perf luorocyclobutane. Partially halogenated chlorocarbons and chlorofluorocarbons include 
methyl chloride, methylene chloride, ethyl chloride (EtCI), 1.1.1-trichloroethane. 1.1-di<hloro-1- 
fluoroethane (HCFC-141b), 1-chloro-1,1-difluoroethane <HCFC-142b). 1.1-dichloro-2,2,2- 
trifluoroethane (HCFC-123) and 1-chloro-1 ,2,2.2-tetrafluoroethane (HCFC-124). Fully 
halogenated chlorofluorocarbons include trichloromonofluoromethane (CFC-1 1), 
dichlorodifluoromethane (CFC-12). trichlorotrifluoroethane (CFC-1 13). 1.1.1-trifluoroethane. 
30 pentafluoroethane. dichlorotetrafluoroethane (CFC-1 14), chloroheptaf luoropropane, and 
dichlorohexafluoropropane. 

Another important feature of the invention is the amount of blowing agent 
incorporated into the polymer melt material to make a foam-forming polymer gel. The 
amount employed is from 0.06 to 0. 17 gram-moles per kilogram of polymer, preferably from 
35 0.08to0.12 gram-moles per kilogram of polymer, and most pref erably from 0.09-0.10 gram- 
moles per kilogram of polymer. The use of a relatively small amount of blowing agent allows 
formation of a foam with a high open cell cont nt. 
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Another important feature f the present inv ntion is foaming temperature. The 
foaming t mperature must be high n ughtoprev ntprematur stabilization of the 
expanding foam c lis until rupture of the f amc II walls is achi ved. The foams of the present 
invention are susceptible to premature cooling because of their small cell size and high open 
cell content The small cell size causes rapid initial expansion of the foam upon exiting the die 
resulting in the rapid cooling of the foam. The high open cell content creates an open physical 
structure for heat and blowing agent to escape resulting in additional rapid cooling. The 
present invention compensates for the rapid cooling of the foam by foaming at a temperature 
greater than that typically employed for foam with larger cell sizes and smaller open cell 
contents. 

The foaming temperature must not however, be so high as to cause other 
processing or product problems. Because of the high open cell content of the foam, excessively 
high foaming temperatures can cause foam collapse due to rapid loss of blowing agent and 
reduced ability of cell struts to resist ambient pressure. Thus, the foaming temperature must be 
high enough to prevent premature cooling of the foam, yet low enough to prevent its collapse. 
Further, high foaming temperatures can reduce extrusion die pressures to unacceptably low 
levels and negatively impact skin quality. The most desirable foaming temperature will be the 
lowest foaming temperature at which the foam can be made and still maintain the open cell 
structure. 

20 Desirable foaming temperatures will depend upon factors including the 

configuration of the extrusion system, nucleating agent additive composition and 
concentration, blowing agent composition and concentration, polymer material 
characteristics, and extrusion diedesign. Preferred foaming temperatures will vary from 1 18'C 
to 1 60"C. Most preferred foaming temperatures will vary from 1 25°C to 1 35°C. 
25 The present foam is generally prepared by heating an alkenyl aromatic polymer 

material to form a plasticized or melt polymer material, incorporating therein a blowing agent 
to form a foamable gel. and extruding the gel through a die to form the foam product. Prior to 
mixing with the blowing agent, the polymer material is heated to a temperature at or above its 
glass transition temperature or melting point. The blowing agent may be incorporated or 
mixed into the melt polymer material by any means known in the art such as with an extruder, 
mixer, or blender. The blowing agent is mixed with the melt polymer material at an elevated 
pressure sufficient to prevent substantial expansion of the melt polymer material and to 
generally disperse the blowing agent homogeneously therein. The nucleating agent additive 
may be blended in the polymer melt or dry blended with the polymer material prior to 
35 plasticizing or melting. The foamable gel is typically cooled to a lower temperature to optimize 
orattaindesiredphysicalcharacteristicsofthefoam. The gel may be cooled in the extruder or 
other mixing devic orins parate coolers. The gel is then extruded or conveyed through a die 
ofdesiredshapetoazon ofreducedorl werpressur tof rm the foam. The zone of lower 



30 



W 96/34038 



PCT/US96/04009 



10 



pressure is at a pressure low r than that in which the f oamabl gel is maintained prior to 
extrusion through th di . Th low rpr ssur may be superatmospheric or subatmospheric 
(vacuum), but is pref rably at an atmospheric level. 

The present foam comprises an alkenyl aromatic polymer material. Suitable 
alkenyl aromatic polymer materials include alkenyl aromatic homopolymers and copolymers of 
alkenyl aromatic compounds and copolymerizable ethylenically unsaturated comonomers. The 
alkenyl aromatic polymer material may further include minor proportions of norvalkenyl 
aromatic polymers. The alkenyl aromatic polymer material may be comprised solely of one or 
more alkenyl aromatic homopolymers, one or more alkenyl aromatic copolymers, a blend of 
one or more of each of alkenyl aromatic homopolymers and copolymers, or blends of any of 
the foregoing with a non-alkenyl aromatic polymer. Regardless of composition, the alkenyl 
aromatic polymer material comprises greater than 50 and preferably greater than 70 weight 
percent alkenyl aromatic monomeric units. Most preferably, the alkenyl aromatic polymer 
material is comprised entirely of alkenyl aromatic monomeric units. 
1 5 Suitable alkenyl aromatic polymers include those derived from alkenyl aromatic 

compounds such as styrene, alphamethylstyrene, ethylstyrene, vinyl benzene, vinyl toluene, 
chlorostyrene, and bromostyrene. A preferred alkenyl aromatic polymer is polystyrene. Minor 
amounts of monoethylenically unsaturated compounds such as C 2 -6 alkyl acids and esters, 
ionomeric derivatives, and d-e may be copolymerized with alkenyl aromatic 
compounds. Examples of copolymerizable compounds include acrylic acid, methacrylic acid, 
ethacrylic acid, maleic acid, itaconic acid, acrylonitrile, maleic anhydride, methyl acrylate, ethyl 
acrylate. isobutyl acrylate, n-butyl acrylate, methyl methacrylate, vinyl acetate and butadiene. 
Preferred foams comprise substantially (that is, greater than 95 percent) and most preferably 
entirely of polystyrene. Preferably, the alkenyl aromatic polymer foam is free of rubber 
content such as Cm* diene content and thermoset polymer content such as polyisocyanurate or 
polyurethane. 

The present foam has the density of from 1 6 to 250 kilograms per cubic meter 
(kg/cm3) and most preferably from 25 to 100 kg/cm3 according to ASTM D-1622-88. 

The present foam has an average cell size of 70 micrometers or less, preferably 1 
30 to 30 micrometers, and more preferably 1 to 20 micrometers, and most preferably from 1 
micrometer to 1 0 micrometers according to ASTM D3576-77. The cell size or pore size 
(diameter) for the microcellular foams is determined according to ASTM D3576-77 except that 
measurement is taken from an enlarged photograph obtained by scanning electron microscopy 
instead of measurement taken directly from the foam. 
35 The present foam may take any physical configuration known in the art such as 

sheet, plank, or rounds. The present foam is particularly suited to be formed into a plank, 
desirably on having a cross-sectional area of 30 square centim t rs (cm) or more and a minor 
dimension in cross-section (thickness) of 3/8 inch (0.95 cm) r more. 
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The pre* nt foam has an open c lie ntent f 70 percent or more, pr ferably90 
percent or mor , and m st preferably 95 percent r more according to ASTM D2856-A. 

The present f am may c ntain an infrared attenuating agent (IAA) t enhance its 
insulating performance. The IAA is composed of a different substance than the polymer 
substrate of the foam in which it is incorporated. The IAA may absorb or reflect infrared 
radiation or both. Useful IAA include particulate flakes of metals such as aluminum, silver, and 
gold and carbonaceous substances such as carbon black, activated carbon black and graphite. 
Useful carbon blacks include thermal black, furnace black, acetylene black, and channel black. 
Preferred IAA are thermal black and graphite. The IAA preferably comprises between 1 .0 and 
25 weight percent and preferably between 4.0 and 20 weight percent and most preferably 4.0 
to 1 0 weight percent based upon the weight of the polymer material . 

The use of certain IAA such as carbon black or graphite provides certain 
advantages and can actually enhance formation of the present foam. Carbon black and 
graphite provide additional nucleating action to make cell size smaller, cell walls thinner, and 
create weak points in the cell walls. Thinner and weaker cell walls promote easier rupturing of 
the cell walls, and, thus, higher open cell content. Carbon black and graphite also increase gel 
viscosity, which allows a lower foaming temperature to be employed. The lower foaming 
temperature improves foam skin quality. The use of an IAA provides an additional advantage 
of inducing a greater proportional reduction in total foam thermal conductivity in 
microcellular foams than i n foams of larger average cell size, particularly those of cell size 
ranges 0. 1 millimeter to 2.0 millimeters corresponding to conventional commercial closed-cell 
insulation foams. 

The present foam is preferably substantially non-crossl inked, which means that 
the foam is substantially free of crosslinking. This is inclusive however, of the slight degree of 
crosslinking which may occur naturally without the use of crosslinking agents or radiation. 
Substantially non-crosslinked foams contain no more than 5 percent gel per ASTM D-2765-84, 
method A. 

Various additives may be incorporated in the present foam such as inorganic 
fillers, pigments, antioxidants, acid scavengers, ultraviolet absorbers, flame retardants, 

30 

processing aids, and extrusion aids. 

An evacuated foam is a foam having within its cells a partial vacuum or near total 
vacuum of subatmospheric absolute pressure. An evacuated foam has preferably an absolute 
pressure of 10 torr or less, more preferably 1 torr or less, and most preferably 0.1 torr or less. 
An unevacuated (non-evacuated) foam is a foam having within its cellular 
35 structure an atmospheric absolute pressure. 

The present foam may be used to insulate a surface by applying to the surface an 
insulating panel fashioned from the present foam. Such panels are useful in any conventional 
insulating applicati nssuch as roofing, buildings, refrigerat rs. 

•6- 
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Th present foam is particularly useful as board stock in a hermetically-s aled 
vacuum pan I. The pan I may be form das follows: a)th foam is placed inside a rec ptacl 
or enclosure such as a bag; b)th interi r of the receptacl or nclosure and the foam are 
evacuated to a partial or near total vacuum (subatmospheric absolute pressure); and c) the 
receptacle or enclosure is sealed as to be air tight or hermetically sealed. The evacuated or 
vacuum panel is preferably evacuated to 10 torr or less, more preferably to 1 torr or less, and 
most preferably to 0. 1 torr or less absolute pressure. The vacuum panel is useful in the 
insulating applications described above. 

To further enhance the long-term performance of the vacuum panel, the 
evacuated interior of the panel may be provided with a •getter* material. The getter material 
absorbs gases and/or vapors which seep or permeate into the vacuum panel over time. 
Conventional getter materials include metal and metal alloys of barium, aluminum, 
magnesium, calcium, iron, nickel, and vanadium. Teachings to suitable getter materials include 
but are not limited to those set forth in U.S. Patent Nos. 5,191,980; 5,312,606; 5,312,607; and 
WO 93/25843. 

Other types of useful getter materials include conventional dessicants, which are 
useful for adsorbing water vapor or moisture. Such materials are advantageously incorporated 
into the evacuated insulation panel in the form of a packet having a porous or permeable 
wrapper or receptacle containing the material therein. Useful materials include silica gel, 
activated alumina, aluminum-rich zeolites, calcium chloride, calcium oxide, and calcium sulfate. 
A preferred material is calcium oxide. 

A useful evacuated panel employs as an enclosure formed of a laminate sheet of 
three or more layers. The outer layer comprises a scratch resistant material such as a polyester. 
The middle layer comprises a barrier material such as aluminum, polyvinyline chloride, and 
polyvinyl alcohol. The inner layer comprises a heat sealable material such as polyethylene or 
ethylene/acrylic acid copolymer. 

The following are examples of the present invention, and are not to be construed 
as limiting. Unless otherwise indicated, all percentages, parts, or proportions are by weight 
based upon polymer weight. 

Extruded, open-cell, microcellular alkenyl aromatic polymer foams of the present 
invention were prepared as described below. 
Example 1 

Foams were prepared with two different extrusion systems, each comprising an 
extruder, a mixer, a cooler, and an extrusion die in series. The two systems operated at 
different extrusion rates, 10 pounds per hour (Ib/hr) (4.5 kilograms/hour (kg/hr) and 220 Ib/hr 
(100 kg/hr), They are referred to as the first and the second extrusion systems, respectively. 

The foams of the first extrusion system were made with the following 
formulation: a blowing agent f 7.5 parts per hundr d(pph)of HCFC- 142b, 2.0 pph EtCI,and 
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1 .4 pph C0 2 ); optionally carbon black (Raven 430 of Cabot Corp.); 0.5 pph talc; a minor amount 
of calcium stearate; and a polystyren resin f 200.000 weight average m I cular weight 
according to size exclusion chromatography (SEC). 

The foams of the second extrusion system were made with the following 
formulation: a blowing agent of 6.8 pph HFC-134a. 1.9 pph HFC-152a. and 0.6 pph C0 2 ; 
carbon black (Thermal Black FT 239 of Huber Corp.); 0.4 pph talc; minor amount of calcium 
stearate; and polystyrene resin of 200.000 weight average molecular weight according to SEC. 

Foams were made in both extrusion systems with various carbon black loadings 
and at various foaming temperatures. The R value for foams was measured at atmospheric 
pressure (760 torr) and in a vacuum (1 torr). R value was measured according to ASTM C-518-91 
in an environmental pressure control system capable of maintaining its set point condition 
within + 0.01 torr wherein the control system is employed in conjunction with a heat flow 
meter apparatus. 

Microcellular foams of small average cell size and high open cell content were 
produced. Cell size, open cell content, density, and R value are set forth in Table 1 . For 
microcellular foams made in both extrusion systems, increasing the level of carbon black 
increased Rvalue. 
Example 2 

Foams of the present invention were prepared with the second extrusion system 
except as indicated below and in Table 2. 

The foams were prepared with various blowing agents and mixtures thereof as 
specified inTable2. Theblowingagentloadingswerepphbaseduponpolymerweight. The 
foams were made with various carbon black loadings and at various foaming temperatures. 

The R value for foams was measured at various pressures by the method set forth 

in Example 1. 

Microcellular foams of small average cell size, high open cell content, and high R 
value were produced. 
Example 3 

Foams of the present invention were prepared with the second extrusion system 

except as indicated below and in Table 3. 

The foams were prepared with various blowing agents and mixtures thereof as 
specified in Table 3. The blowing agent loadings were pph based upon polymer weight. The 
foams were made with various carbon black loadings and at various foaming temperatures. 

The R value for foams was measured at various pressures by the method set forth 

^ in Example 1. 

Microcellular foams of small average cell size, high open cell content, and high R 
valu were produced. 
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Example 4 

Foams of the present inventi n were prepared with the s cond extrusion system 

except as indicated below and in Tab! 4. 

Microcellular foams of small average cell size and high open cell content were 

produced. 

Due to the addition of carbon black, the cross-section of Run 42 could be made 
larger than that of Run 41 . The carbon black increased gel viscosity, and allowed the die 
opening to be enlarged without losing die pressure and causing pre-foaming. The increase in 
die opening resulted in a foam of larger cross-section being produced. The larger cross-section 
affords improved skin quality and greater process versatility. 
Example 5 

Foams of the present invention were prepared with the second extrusion system 
except as indicated below and in Table 5. 

The foams were prepared with various blowing agents and mixtures thereof as 
specified in Table 5. The blowing agent loadings were pph based upon polymer weight. The 
foams were made with various carbon black loadings and at various foaming temperatures. 

The R value for foams was measured at various pressures by the method set forth 

in Example 1. 

Microcellular foams of small average cell size, high open cell content, and high R 
value were produced. 
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Board Dimen. 
inch x inch 
(cm x cm) 
Ver.xHor.i 


3/8x21/2 
(0.95x6.35) 


5/8x31/2 
(1.59x8.89) 


Open Cell 
(percent) 


99.5 


98.6 


Cell Size 
(mm) 


0.030 


0.040 


Foam Density 
pcf(kg/m3) 
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Whil embodimenteofthe microcellular foam and th pr cess for making of th 
pr sentinv Mi nhaw be«nsh wnwithr gard to specific d tails, it will be appreciat dthat 
depending upon the manufacturing process and the manufacturer's desires, the present 
invention may be modified by various changes while still being fairly within the scope of the 
novel teachings and principles herein set forth. 
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1. An open-cell microcellular alkenyl ar maticp lymer foam comprising an 
alk nyl aromatic polymer mat rial comprising greater than 50 percent by weight of alkenyl 
aromatic m nomeric units and having a density f16t 250 kilograms per cubic meter, the 
foam being characterized in that it is extruded, the foam having an open cell content of 70 

5 percent or more, the foam having an average cell size of 70 micrometers or less. 

2. The foam of Claim 1 , wherein the foam has an open cell content of 90 percent 

or more. 

3. The foam of Claim 1 or 2, wherein the foam has an open cell content of 95 
percent or more. 

10 4 . T he foam of any of the preceding claims, wherein the foam has an average cell 

size of 1 micrometer to 30 micrometers. 

5. The foam of any of the preceding claims, wherein the foam has an average cell 

size of 1 micrometer to 20 micrometers. 

6. The foam of any of the preceding claims, wherein the foam has an average cell 
size of 1 micrometer to 10 micrometers. 

7. The foam of any of the preceding claims, wherein the foam has a density of 25 

to 100 kilograms per cubic meter. 

8. The foam of any of the preceding claims, wherein the foam is an evacuated 
foam having an absolute pressure within its open cells of 10 torr or less. 

20 9 . The foam of any of the preceding claims, wherein the foam is an evacuated 

foam having an absolute pressure within its open cellsof 1 torr or less. 

10. Thefoamof any of the preceding claims, wherein the foam is an evacuated 
foam having an absolute pressure within its open cells of 0. 1 torr or less. 

1 1 . An evacuated foam insulation panel, the panel comprising a foam and a 

25 receptacle capable of enclosing the foam and being hermetically-sealed, the foam being 

situated within the receptacle, the interior of the receptacle and the foam being evacuated to a 
subatmospheric pressure, the panel being characterized in that the foam isany of Claims 9-11. 

1 2. A process for making an extruded, open-cell microcellular alkenyl aromatic 
polymer foam having an open cell content of 70 percent or more, comprising: 

30 a) heatingan a |kenyl aromatic polymer material comprising more than 50 

percent by weight alkenyl aromatic monomeric units to form a melt polymer material; 

b) incorporating into the melt polymer material at an elevated pressure to form a 

foamable gel a blowing agent agent; 

c) cooling the foamable gel to a desirable foaming temperature; and 

35 d) extruding the foamable gel through a die into a region of lower pressure to 

form the foam, the process being characterized in that a nucleating agent additive is 
incorporat dintothemeltp lymer material at from 0.1 to 5 parts by weight per hundred parts 
polym rmaterial.50molepercentormoreofablowingagentselectedfromthegr up 
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consisting of 1,1-difluor ethan , 1,1,1-triflu ro thane, 1,1,1,2-tetrafluor ethane, 
chlorodiflu r ethane, carbon di xide, and mixtures of th foregoing based upon the total 
numb rofm les fbl wingag nt, the blowing agent b ing present at 0.06 to 0.17 gram- 
moles per kilogram of polymer material, the foamable gel being cooled to a temperature 
sufficient to form a foam having 70 percent or more open cell content. 

13. The process of Claim 12, wherein the foamable gel is cooled to a temperature 
of 118°Ctol60°C. 

14. The process of Claim 1 2, wherein the foamable gel is cooled to a temperature 
of 125°Cto135 p C 

15. Theprocessof any of Claims 12-14, wherein the blowing agent is present at 
0.08 to 0.12 gram-moles per kilogram of polymer material. 

16. The process of any of Claims 12-15, wherein the blowing agent is 70 mole 
percent or more of a blowing agent selected from the group consisting of 1,1 -dif luoroethane. 
1,1,1-trifluoroethane, 1, 1,1, 2-tetraf luoroethane, chlorodifluoroethane, carbon dioxide, and 
mixtures of the foregoing based upon the total number of moles of blowing agent. 

17. Theprocessof any of Claims 12-16, wherein the foamable gel iscooledtoa 
temperature sufficient to form a foam having 90 percent or more open cell content, the foam 
having an average cell size of 1 to 30 micrometers. 

18. The process of any of Claims 12-16, wherein the foamable gel is cooled to a 
temperature sufficient to form a foam having 95 percent or more open cell content, the foam 
having an average cell size of 1 to 20 micrometers. 
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